Abstract. Breast cancer (BC) is the most frequently diagnosed type of cancer and the leading cause of cancer-associated mortality among women worldwide. However, the molecular basis for the pathogenesis of BC requires further exploration. Recent studies have demonstrated that chaperonin-containing TCP1 subunit 6A (CCT6A) efficiently suppresses transforming growth factor-β-mediated metastasis by inhibiting the function of SMAD family member 2 in lung cancer. However, the functional significance of CCT6A in other types of cancer, including BC, remains to be investigated. Therefore, this study evaluated CCT6A expression in BC samples, and further analysed its association with survival, clinicopathological parameters and related signalling pathways using online datasets. The present study indicated that CCT6A expression was significantly higher in BC tissues compared with in surrounding noncancerous tissues at both mRNA and protein levels. Furthermore, increased CCT6A expression was significantly associated with poor survival, including overall survival, relapse-free survival, distant metastasis-free survival and post progression survival, in patients with BC. Pathway finder analysis indicated that CCT6A was significantly associated with the cell cycle, and its expression was significantly positively correlated with cyclin (CCN)B2 and CCNA2 expression. Taken together, to the best of our knowledge, the present study is the first to indicate that CCT6A may serve a significant role in BC tumour progression.
Introduction
Breast cancer (BC) is the most frequently diagnosed type of cancer and the leading cause of cancer-associated mortality among women worldwide; ~1.7 million new diagnoses and 521,900 cases of mortality are attributed to BC annually (1). However, despite extensive studies focussing on BC, and the development of novel and less toxic treatment regimens, the survival rates for patients with BC remain low (2) . Therefore, the identification of more valuable and convenient biomarkers for early diagnosis and survival prediction, as well as novel therapeutic target genes for effective treatment, is urgently required.
Chaperonin-containing TCP1 subunit 6A (CCT6A) is the ζ subunit of the chaperonin-containing TCP1 complex (CCT), which comprises two identical rings stacked back to back, each containing eight different homologous proteins (1-8 or α-θ); the protein encoded by CCT6A functions as a molecular chaperone (3) (4) (5) . Previous studies have indicated that 5-10% of all newly synthesised cytoplasmic proteins appear to pass this chaperone, suggesting it has an essential role in cytoskeletal organisation and in the cell cycle (6, 7) . As a subunit of the CCT family, CCT6A is essential for the correct folding and oligomerisation/polymerisation of native proteins, with actin and tubulin being the major substrates (8) . Furthermore, CCT6A has been identified as a specific component of endogenous extracellular signal-regulated kinase (ERK)1/2 signalling complexes (9) that possesses phosphorylation sites for mitogen-activated protein kinase (MAPK)/ERK (10, 11) . In addition, CCT6A and the MAPK signalling pathway serve a critical role in matrix metalloproteinase-3-dependent regulation of neurite outgrowth and neuronal migration in the developing brain (7) .
Previous studies have revealed that CCT6A expression is significantly increased in 10 human tumour cell lines and drug-resistant human melanoma cell lines, suggesting that CCT6A may have a critical role in tumorigenesis and drug resistance (12, 13) . In addition, a recent experimental study on lung cancer indicated that CCT6A overexpression significantly increases colony and tumour sphere formation, as well as side population, and reduces sensitivity to anoikis in A549 cells following transforming growth factor (TGF)-β stimulation (14) . However, the functional significance of CCT6A in other types of cancer, including BC, has yet to be investigated.
To determine the significance of CCT6A in BC, the present study evaluated CCT6A expression in various tumours, including BC, and analysed its association with survival, clinicopathological parameters and related signalling pathways using online datasets. The results revealed that various cancer tissues exhibited significantly higher CCT6A expression compared within noncancerous tissues, and increased CCT6A expression in BC tissues was significantly associated with poor patient prognosis. Furthermore, pathways based on associated genes indicated that CCT6A was significantly associated with the cell cycle, and its expression was significantly positively correlated with cyclin (CCN)B2 and CCNA2 expression. Collectively, these findings suggested that CCT6A may have an important role in BC progression.
Materials and methods
Oncomine analysis. Gene expression array datasets from the online cancer microarray database Oncomine (www.oncomine.org) (15) were used to evaluate CCT6A mRNA expression in various tumour samples. CCT6A mRNA expression in BC tissues was compared with that in normal control tissues using 10 datasets from 3 cohorts (16, 17) . The fold change in CCT6A expression from different datasets was presented using scatter plots. The datasets used in this study are listed in Table I . Details regarding standardised normalisation techniques and statistical calculations are provided on the Oncomine website (18) . The search parameters and filters used to find the datasets were set as follows: P-value, 0.05; fold change, 1.5; gene rank, 10%; analysis type, cancer vs. normal analysis; data type, mRNA.
Human Protein Atlas (HPA). CCT6A expression was further evaluated using the publicly available HPA (www.proteinatlas.org; version 18). The HPA is a database containing images of tissue microarrays labelled with antibodies against 11,250 human proteins (19) . These tissue microarrays comprise sections from 46 normal human tissues and 20 types of human cancer. Analyses were performed using HPA images of breast sections labelled with CCT6A antibody (cat. no. HPA042996; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Kaplan-Meier plotter. The Kaplan-Meier plotter (www. kmplot.com) is an online database containing gene expression data and survival information from 4,142 clinical patients with BC (20, 21) . To further investigate the prognostic value of CCT6A mRNA expression in BC, this study analysed the association between CCT6A mRNA expression and survival, including overall survival (OS), relapse-free survival (RFS), distant metastasis-free survival (DMFS) and post progression survival (PPS), in patients with BC. Samples from patients with BC were divided into two groups according to median CCT6A expression (high vs. low expression), after which the association between CCT6A mRNA expression and survival was analysed using a Kaplan-Meier survival plot together with hazard ratio, 95% confidence interval and log-rank P-value.
Breast Cancer Gene-Expression Miner v4.0 (bc-GenExMiner v4.0). The bc-GenExMiner v4.0 (http://bcgenex.centregauducheau.fr/BC-GEM/GEM-Accueil.php?js=1) contains 36 annotated genomic datasets and three statistical mining functions (22, 23) . The bc-GenExMiner v4.0 was used to compare target gene expression according to clinical criteria. The present study analysed the association between CCT6A expression and hormonal receptors, nodal status and other factors, in order to assess the prognostic impact of this candidate gene in human BC and to provide potential prognostic markers for BC.
R2 application. R2: Genomics Analysis and Visualisation
Platform (http://r2.amc.nl) (24) is a web-based genomics analysis and visualisation application, which was used to investigate CCT6A-related signalling pathways and genes. Pathway enrichment analysis based on CCT6A-associated genes was performed using the R2 Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway Finder and the standard setting in The Cancer Genome Atlas (TCGA) collection (BRCA was the TCGA ID and the search term in R2) (15) . Furthermore, the correlation between CCT6A expression and related gene expression was calculated using the Pearson test based on the expression in BC cancer tissues and noncancerous normal tissues. The related genes were identified through the R2 Platform by searching 'Find Correlated genes with a single gene' or 'Correlate two genes'. The r-value, P-value and T-value were calculated and provided by R2.
Statistical analysis. The expression of CCT6A in BC tissues and noncancerous breast tissues was presented as the means ± 10% of percentile of the median intensity. Comparison of CCT6A expression between BC tissues and noncancerous breast tissues using the Oncomine data was performed using Student's t-test. The association between CCT6A mRNA expression and survival was analysed using Kaplan-Meier survival plots, which were statistically compared using the log-rank test on the Kaplan-Meier plotter website. Using the R2 website, the correlation between CCT6A expression and the expression of related genes was analysed using the Pearson test in BC samples, and the r-, P-and T-values were calculated and presented. ] and triple-negative status was performed using a Welch's analysis of variance (ANOVA); if global significant differences were found (for correlation analysis of CCT6A with SBR and NPI grades), Dunnett-Tukey-Kramer's post-hoc test was performed to compare the differences among groups. P<0.05 was considered to indicate a statistically significant difference.
Results

CCT6A upregulation in BC tissues.
Analyses of mRNA expression in various tumour samples from the Oncomine platform indicated that CCT6A expression was significantly higher in tumour tissues compared with matched normal tissues (Fig. 1A) . In particular, CCT6A was significantly upregulated in BC tissues compared with in noncancerous breast tissues ( Fig. 1B-L; P<0 .05). Details of CCT6A expression in these datasets are listed in Table I . Accordingly, as presented in Fig. 2 , HPA (version 18) data analyses confirmed that BC tissues (images of T1-T3 available from https://www.proteinatlas.org/ENSG00000146731-CCT6A/pathology/tissue/breast+cancer#img) exhibited higher protein expression levels of CCT6A compared with normal breast tissues (images of N1-N3 available from https://www. proteinatlas.org/ENSG00000146731-CCT6A/tissue/breast#img).
Collectively, the aforementioned analyses demonstrated that the mRNA and protein expression levels of CCT6A were higher in BC tissues than in normal breast tissues, thus suggesting that CCT6A may act as an oncogene that promotes BC.
Association between CCT6A mRNA expression and clinicopathological parameters in patients with BC. Using Welch's ANOVA, CCT6A mRNA expression was compared among groups of patients with various clinicopathological parameters using bc-GenExMiner (Fig. 3 and Table II ). In terms of age, CCT6A mRNA expression was lower in the older group (>51 years; Fig. 3A ; P=0.0007). Furthermore, among patients with BC, those with positive nodal status exhibited higher CCT6A mRNA expression than those with negative nodal status ( Fig. 3B; P=0 .0259). The ER and PR status of patients with BC was also negatively associated with CCT6A mRNA expression ( Fig. 3C and D Fig. 3F; P<0 .0001). The results also indicated that patients with basal-like BC exhibited higher CCT6A mRNA expression than those without basal-like BC ( Fig. 3G ; P<0.0001). With regards to Scarff-Bloom-Richardson (SBR) grading (25) , a more advanced SBR grade was significantly associated with higher CCT6A mRNA expression ( Fig. 3H ; P<0.0001) compared with other SBR grades. Furthermore, a more advanced Nottingham prognostic index (NPI) grade (26) was associated with higher CCT6A mRNA expression ( Fig. 3I ; P<0.0001) compared with other NPI grades.
Higher CCT6A expression is associated with poor survival in patients with BC. Using the Kaplan-Meier plotter, the association between CCT6A expression and survival in patients with BC was evaluated. Kaplan-Meier analysis revealed that high CCT6A expression (Affymetrix microarrays, 201326-at and 201327_s_at; Fig. 4A and B) in BC tissues was significantly associated with shorter OS (P<0.05), RFS (P<0.05), DMFS (P<0.05) and PPS (P<0.05) in patients with BC, thus suggesting that high CCT6A expression may be predictive of poor prognosis.
Possible involvement of CCT6A in the cell cycle and its positive correlation with CCNB2 and CCNA2.
To further investigate the signalling pathways in which CCT6A might be involved, pathway enrichment analysis was performed using the R2 KEGG Pathway Finder based on CCT6A-associated genes in BC tissues from TCGA dataset (ID: BRCA). Accordingly, the top 10 signalling pathways associated with CCT6A, including the 'cell cycle', are presented in Fig. 5 and Table III . Among these correlated genes involved in the cell cycle, CCT6A expression was significantly positively correlated with CCNB2 (r-value=0.560; P=1.0x10 -91
; T-value=22.389) and CCNA2 (r-value=0.532; P=2.7x10 -81 ; T-value=20.807) expression. These results indicated that CCT6A may be involved in the cell cycle signalling pathway. TCGA, The Cancer Genome Atlas.
Discussion
BC is the most common malignant tumour among women worldwide (1), and has been reported to be associated with the overexpression of oncogenes (27) (28) (29) . Despite significant improvements in the diagnosis, treatment and survival prediction of BC, the identification of novel biomarkers for prognosis is urgently required. Studies have revealed that CCT6A expression is increased in 10 human tumour cell lines and drug-resistant human melanoma cell lines (12, 13) . However, to the best of our knowledge, its expression in clinical tumour samples has not been evaluated previously. Using the online Oncomine dataset, the present study demonstrated that the majority of tumour tissues, including breast, lung, liver and colorectal cancer tissues, exhibited significantly higher CCT6A expression compared within adjacent noncancerous tissues. In the majority of the BC datasets (10/12), BC tissues exhibited significantly higher CCT6A mRNA expression compared with in noncancerous breast tissues; the same observation was confirmed at the protein level by immunohistochemistry (IHC) through HPA. These results indicated that CCT6A may be among the overexpressed genes in tumour tissues and may serve a critical role in tumorigenesis. However, the protein expression levels of CCT6A in BC samples should be further validated via western blot analysis and immunohistochemistry. It has previously been reported that increased CCT6A expression is significantly associated with poor survival in patients who have high TGF-β levels in lung cancer tissues, but not in those with low TGF-β levels, suggesting that CCT6A serves as a valuable biomarker for lung cancer (14) . Using the Kaplan-Meier plotter, it was demonstrated that high CCT6A expression was significantly associated with unfavourable OS, RFS, DMFS and PPS in all patients with BC, indicating that CCT6A mRNA expression may serve as a prognostic indicator in patients with BC. In addition, CCT6A overexpression in cancer cells significantly shortens the survival time in tumour-bearing mice, whereas CCT6A knockdown significantly prolongs survival (14) . Taken together, these observations further support the role of CCT6A as an essential biomarker for survival prediction in patients with cancer, including BC. BC is classified into distinct histological and biological subtypes with different pathological, molecular and clinical features (30) . Therefore, this study further investigated the association between CCT6A expression, at both the mRNA and protein levels, and clinicopathological parameters in patients with BC. The findings indicated that high CCT6A expression was negatively associated with ER and PR status, and positively associated with nodal, basal-like and TNBC status. . Association between CCT6A expression and survival in patients with BC. Association between CCT6A (A) 201326_at and (B) 201327_s_at expression and OS, RFS, DMFS and PPS in patients with BC was analysed using log-rank tests based on CCT6A expression in BC tissues from The Cancer Genome Atlas dataset. Kaplan-Meier curves were plotted for CCT6A, and HRs and 95% confidence intervals are shown. BC, breast cancer; CCT6A, chaperonin-containing TCP1 subunit 6A; DMFS, distant metastasis-free survival; HR, hazard ratio; OS, overall survival; RFS, disease-free survival; PPS, post progression survival.
Furthermore, higher SBR and NPI grades were significantly associated with higher CCT6A expression. HER2 is a member of the epidermal growth factor receptor family (31) , and is associated with poor outcome in patients with BC. However, this study found no association between CCT6A expression and HER2 status. Taken together, these findings demonstrated that increased CCT6A expression may be significantly associated with poor outcomes in patients with BC, while possibly serving as a novel biomarker for the prognosis of BC.
The evaluation of biological functions has revealed that CCT6A overexpression significantly increases colony and tumour sphere formation, increases side population and reduces sensitivity to anoikis in A549 cells following TGF-β stimulation (14) . However, to the best of our knowledge, the biological functions and underlying mechanism of CCT6A in BC remain to be evaluated. Accordingly, following the analyses of signalling pathways associated with CCT6A based on correlated genes, it was demonstrated that 'cell cycle' was among the most enriched KEGG signalling pathways. In addition, CCT6A expression was positively correlated with the expression of CCNB2 and CCNA2, two important cell cycle regulators, thus suggesting that CCT6A may be involved in tumour growth mediated by the cell cycle. However, further investigations on the biological function and underlying mechanism of action of CCT6A in BC are required. Future studies should aim to assess the role of CCT6A in growth, metastasis and chemotherapeutic resistance in cancer, including BC, which may improve understanding of the role of CCT6A in the progression of cancer.
In conclusion, the present study revealed that BC tissues exhibited significantly higher CCT6A expression compared with in noncancerous breast tissues at the mRNA and protein levels. In addition, increased CCT6A expression was significantly associated with unfavourable survival in patients with BC. Furthermore, CCT6A expression was negatively associated with ER and PR status, positively correlated with nodal, basal-like and TNBC status, and was increased in patients with advanced SBR and NPI grades. CCT6A was also revealed to be involved in the cell cycle, and its expression was positively correlated with CCNB2 and CCNA2 expression. Collectively, CCT6A may be a potential target in BC.
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